Scalar and vector empirical orthogonal function (EOF) analyses have been performed on monthly sea surface temperature (SST) and wind stress within the tropical Atlantic region for the years [1964][1965][1966][1967][1968][1969][1970][1971][1972][1973][1974][1975][1976][1977][1978][1979]. The long-term average was subtracted from the 16-year SST and wind stress monthly fields to focus on the seasonal variability and its interannual modulations. A smaller cumulative percent of variance accounted for by the first eigenvectors of wind stress reflects the greater variability of the wind than that of SST. Analysis of regional seasonal SST events requires a combination of the first three EOFs, whereas the dominant events of the seasonal cycle of the wind stress are adequately represented by EI and E2. As in the Pacific, an increase of the trade wind system is observed between the 1960s and the 1970s. Our analyses provide diagnostic insight into two types of large spacetime scale episodes. The first type is exemplified by the following sets of observations: during the spring of 1968 (spring 1976), an abnormal relaxation (intensification) of the wind stress occurred in both the northeasterlies and the southeasterlies. Subsequently, equatonally trapped anomalous warming (cooling) occurred inside the Gulf of Guinea. The second type is exemplified by the following: during 1972 to 1975, the northeasterlies (stronger) and the southeasterlies (weaker) acted out of phase, leading to a more global response of the ocean. The oceanic response was different in the northern (colder) and southern (warmer) basins.
Scalar and vector empirical orthogonal function (EOF) analyses have been performed on monthly sea surface temperature (SST) and wind stress within the tropical Atlantic region for the years [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] . The long-term average was subtracted from the 16-year SST and wind stress monthly fields to focus on the seasonal variability and its interannual modulations. A smaller cumulative percent of variance accounted for by the first eigenvectors of wind stress reflects the greater variability of the wind than that of SST. Analysis of regional seasonal SST events requires a combination of the first three EOFs, whereas the dominant events of the seasonal cycle of the wind stress are adequately represented by EI and E2. As in the Pacific, an increase of the trade wind system is observed between the 1960s and the 1970s. Our analyses provide diagnostic insight into two types of large spacetime scale episodes. The first type is exemplified by the following sets of observations: during the spring of 1968 (spring 1976) , an abnormal relaxation (intensification) of the wind stress occurred in both the northeasterlies and the southeasterlies. Subsequently, equatonally trapped anomalous warming (cooling) occurred inside the Gulf of Guinea. The second type is exemplified by the following: during 1972 to 1975, the northeasterlies (stronger) and the southeasterlies (weaker) acted out of phase, leading to a more global response of the ocean. The oceanic response was different in the northern (colder) and southern (warmer) basins.
. INTRODUCTION
Large-scale fluctuations of the tropical ocean noticeably affect variations of climate in the low-latitude regions and can be associated with perturbations of the atmospheric circulation at higher latitudes (for the Atlantic Ocean, see as examples Rowntree [1976] , Hastenrath [1978] , Meek1 and van Loon [1979] , and Moura and Shukla [1981] ). Important scientific and economic interests encourage a correct understanding of the genesis and the unfolding of these dominant atmospheric and oceanic variations. The goal of the Tropical Oceans and Global Atmosphere (TOGA) program for the 10 years between 1985 and 1995 is to study the coupled oceanatmosphere system on the time scale of several months to several years.
In the tropical regions of the oceans, large-scale dynamics appear to be wind forced. In the Atlantic the seasonal response dominates [Merle et al., 19801. In the tropical Pacific, however, the interannual signal is strongest, especially during occurrences of El Niño events [Wyrtki, 1975; Leetmaa et al., 1983 , and papers therein].
Up to this time, only a few studies have related to the interannual variability in the tropical Atlantic region. Some authors have focused on specific abnormal events. That is how, for example, 1964 and 1967 were classified as rather cool years [Weare, 1977; Lamb, 19781 inside the Gulf of Guinea, while 1963 and especially 1968 were exceptionally warm [Weare, 1977; Lamb, 1978; Hisard, 1980; Copyright 1986 by the American Geophysical Union. Studies within the tropical Atlantic Ocean which use data sets of several years are rare. Weare 119771 completed an empirical orthogonal functions (EOF) analysis with the sea surface temperature (SST) based on a data set covering the 70"N to 30"s domain (with special attention to the tropical basin) for the years 191 1-1972. Some large variations having a characteristic period of a few months are depicted. However, the spatial resolution is poor (5" x 5")'and does not allow a suitable definition of the variability in some specific areas, such as the coastal and equatorial upwelling regions. Hastenrath 119791 found a significant coherence between the interannual signal of the sea level pressure and that of SST, but here again the spatial resolution was poor.
In anticipation of TOGA, Picaut er al. [1985] established a 16-year set of carefully constructed monthly SST and wind stress fields on a 2" x 2" mesh. Using this data base, Picaut et al. 119841 and Servain et al. [1985] claimed that the interannual variability is not as small as was previously believed [Merle et al., 19801. In this study, to enhance the knowledge of the variability of the tropical Atlantic region, we performed EOF analyses of that data set (a scalar method for SST, a vector method for the wind stress). We completed three different analyses for each of the two variables. In the first two analyses, the long-term average was subtracted from the SST and wind stress monthly fields to focus on the seasonal variability and its interannual modulations. Initially, the analysis covered all the available data (20"s to 30"N), but subtropical systems north of 20"N had a tendency to dominate interpretation of the results. Therefore, to 14, 182 SERVAIN AND LEGLER: TROPICAL ATLANTIC SST AND WIND STRESS concentrate on the equatorial region, we chose to limit the study to the area from 20"N to 20"s. In this paper we present the results of this second analysis. In order to clarify some particular points in the course of the discussion, however, we shall make occasional reference both to the first analysis and to a third, which analyzes the departures from the mean seasonal cycle.
The SST and wind stress data set and the method of analyses are discussed in the first two sections. In each of the two following sections, which present results of SST and wind stress, respectively, syntheses of seasonal and interannual variabilities are described. Finally, the results of our analyses are summarized, and the combination of variabilities of both parameters is discussed.
DATA
In this study we use monthly field data of SST and pseudo wind stress established by Picaut et al. [1985] on the tropical Atlantic region. The pseudo wind stress is defined as the magnitude of wind multiplied by its components. To obtain a dimensionally correct value of the wind stress, the components should be multiplied by an air density and a drag coefficient. Willebrand [ 19781 demonstrated that this drag coefficient can be considered constant for spectral analysis of periods greater than 10 days. Therefore the conversion to monthly wind stress means is a simple operation multiplying pseudo-stress by a suitable constant. For convenience, in this paper "wind stress" will refer to pseudo wind stress. The raw data were individual merchant ship observations for the period January 1964 through December 1979 obtained from the National Climatic Data Center, Asheville, North Carolina. Although the paucity of observations in the southern hemisphere prescribed that the study area be limited to the region north of 20°S, in spatial terms the data are denser and more uniform than those available in the tropical Pacific Ocean [Picaut et al., 19851. There were not sufficient ship observations available from before 1964 to make an accurate analysis. Therefore the time period of the study begins with January 1964 and extends through December 1979. The study includes about 2 million SST and wind observations.
In order to produce monthly regular fields on a 2" x 2" mesh, Picaut et al. used a careful combination of both subjective and objective analyses. A description of this analysis is given by Servain er al. 119851 . As a rule, the data density was sufficient to estimate monthly mean values of both parameters. However, during the first 7 months of 1971 , there was a dramatic decrease in the number of available observations, especially in the center of the equatorial basin (Figure 1) . Because of the high temporal stability of SST, this deficiency is not crucial for this parameter. However, this does not seem to be the case for wind stress; previous analyses using the original monthly mean data demonstrated that the wind stress signal was very different (more energetic) during the first half of 1971 than it was before and after this 6-month period. Such an abnormality was not noted in the SST data. In order to protect the results of these analyses from the questionable wind anomaly during the period of relatively infrequent ship observations, we chose to make another, artificial calculation of the wind stress field for each of the first 7 months of 1971 by averaging the corresponding months in 1970 , 1971 , and 1972 19851 . In this section we recall the main features of the annual signal which will be discussed later in the EOF analyses. Occasionally, we enhance the previously available information by focusing on some new elements discl'osed by. a careful analysis of our data set. Total monthly means (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) for both parameters are shown in Figure 2 . The lowest SST appears in the eastern basin, especially in the extreme poleward parts, i.e. , along the Mauritania-Senegal and Angola coasts (Figure 2a) . For these regions, minima of SST occur during February-April in the north and during July-October in the south [Picaut er al., 19851. These minima are influenced by cold equatorward surface currents (the Canary current at the north, the Benguela current at the south) and by permanent and seasonal coastal upwellings. The mean direction of the wind stress (Figure 2b) (ITCZ), i.e., northernmost in August-September and southernmost in February-March.
The seasonal variability of the northeast trade winds is different from that of the southeast trades, as was shown by Hellerman [I9801 and Servain et al. [19851. If we check the 12 maps of the mean seasonal cycle of wind stress in the atlas of Picdut et al. [1985] , we note that the northeast trade winds are strongest in February. At that time the wind stress magnitude is greater than 60 m2 sF2 for a large area centered around lO'N, 45'W. A second, smaller peak in magnitude occurs slightly further northwest in June. These northeast trades are weak from August to November and their minimum is in October-November. The magnitude of the southeast trade winds is greatest in June-July. In this case, however, wind stress magnitudes greater than 60 m2 s -~ are limited to the area around I O ' S , 20"W. Though the monthly southeast trades are individually less energetic than the northeast trades during 7 months of the year (December to June), greater temporal stability in the broad southwesterly flow of the southern hemisphere atmospheric circulation means that both trade wind systems have a mean magnitude of the same order ( Figure 2b ). It is also interesting to note that both circulations are strong simultaneously in June, a circumstance favorable to a more dynamic response of the tropical Atlantic Ocean.
The two trade wind systems are separated by a kinematic axis extending northeastward from the western boundary to the African coast. The northernmost (SON to 12"N) southernmost (2% to 4"N) positions of the annual cycle of this ITCZ occur during the summer of their respective hemispheres.
Patterns of variance of the deviations from the SST and wind stress magnitude long-term average (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) are the combination of seasonal and interannual variability patterns calculated by Servain et al. [I9851 on the basis of the same set of data. Regions of maximum SST variability, which occur off the African coast near Mauritania-Senegal and Angola and along the equator (0"-2O"W), correspond to areas of permanent and seasonal upwellings ( Figure 3a) . The largest variance in wind stress magnitude occurs in an area straddling the mean position of the ITCZ (Figure 3b ). Maximum variability of the wind stress direction (not shown) occurs in an area centered at 5"N, 20"W where the annual average wind stress magnitude is very small (Figure 2b) . Furthermore, the directional variability is greatest north of 25"N, where mid-latitude atmospheric systems begin to play a dominant role.
METHOD
To examine spatially and temporally linked variability of SST and wind stress more fully, we chose to use empirical orthogonal functions (EOFs). This method has been detailed 19841 . Therefore in this study the eigenvectors are the time series which modulate the associated coefficients: the spatial patterns. The computed spatial patterns are oriented in some arbitrary direction determined by the orientation angle of the eigenvectors. A phase angle can be added to the spatial vectors provided that this same angle is subtracted from the associated time coefficients. Thus the spatial vectors can be rotated to lie along a meaningful direction, as long as the temporal coefficients are rotated in the opposite direction in order to insure the correct representation of the winds when reconstructing the original data. In this paper, for example, in the first EOF of wind stress, W l , the vectors were aligned along the direction of the north-east trades.
Percents of variance for the first four eigenvectors of SST and the first five eigenvectors of wind stress are presented in al., 19821. For this analysis, the first SST EOF and the first two wind stress EOFs are distinct. The uniqueness simply indicates which EOFs should be evident in a similar EOF analysis of an independent data set. While some of the EOFs discussed in this paper are not satistically distinct, they may represent physical processes; for example, we will see in the next section that SST EOFs 2 and 3 are associated with upwelling regions. The physical signatures in nondistinct EOFs cannot be considered independently significant unless they are appraised in light of the other nonunique EOFs and their magnitudes.
Each empirical orthogonal function consists of a spatial pattern modulated by an associated time series. To realize the original data at a particular time, as expressed by an individual EOF, the EOF pattern must be multiplied by the corresponding value of its associated time series. In the case of SST, the EOFs are scalar, and this realization is straightforward. Wind stress EOFs are composed of complex numbers, and thus the vector spatial patterns must be multiplied by the combination of real (a) and imaginary (b) components of the time series. That is, the magnitude of each of 'the spatial eigenvectors is multiplied by the magnitude (square root of a* + b2) of the time series coefficient and the orientation of the vector arrows are rotated by the angle of the time series coefficient (arctan (blu)). The summation of the spatial patterns multiplied by their corresponding time series results in the reproduction of the original data set. EOF analyses can therefore provide a set of basis functions representing the linked spatial and temporal variability of the data.
SEA SURFACE TEMPERATURE

Seasonal Cycle
The first eigenvector (SI), which accounts for almost 80% of the variance of the data, primarily represents the seasonal cycle. Because so much of the variance is contained in the seasonal cycle, the pattern of eigenvector 1 (Figure 4a ) is very close to that of SST variance already shown in Figure  3a . It is more detailed than but quite similar to the tropical Atlantic region of the SI pattern previously computed by Weare [1977] in which the spatial grid was only 5" X 5". In Weare's paper the percent of variance is 84.6, But the study area was larger than ours, covering the northern Atlantic mid-latitudes (30% to 70"N; 2O"E to IOOOW). In the present study, if we use the 30"N to 20"s region, the percent of variance of SI increases to 81.2%. The seasonal climatic balance between the two hemispheres is well conveyed by opposite sign patterns on both sides of the thermal equator. On the corresponding time series (Figure 4b) , positive (negative) peaks occur during boreal (austral) summers. Spatial and temporal distributions of S2 ( Figure 5 ) and S3 (Figure 6 ) are more complicated. They approach the description of features with smaller scale, particularly the seasonal upwelling events. Eigenvector 2, which represents 5.8% of the variance, is in phase in most of the tropical Atlantic ocean (Figure 5a) . The only out-of-phase region is located in the south central basin. There are two areas of important positive values. The first one is largely spread off the Senegal coast, and the second is trapped along the equator (close to loow) and the south and north coasts of the Guinea Gulf. This pattern reveals a double influence: the seasonality of the two hemispheres and the seasonal upwelling system in the tropical Atlantic Ocean. A combination of a semiannual and a weaker annual signal is noted on the corresponding separated in time, a negative one in July and a positive one in November, are linked to the increase of seasonal cooling inside the Gulf of Guinea and the end of the warm season along the Senegal coast, respectively. Two other sets of peaks, with weaker amplitudes than the first, occur in April (positive) and in February (negative). The April maximum corresponds to the time when warming is greatest inside the Gulf of Guinea. The February peak reflects the reinforcement of the seasonal coastal upwelling in the Senegal oce- anic region and the winter cooling in the northern hemisphere.
Eigenvector 3 (4.2% of the variance) indicates the out-ofphase variability of the equatorial and south coastally trapped pattern and the Senegal coastal region (Figure 6a) . This is in contrast to S2, where the in-phase relationship of these two regions is described. In the southern area of the basin, also out of phase with the equatorial and south-coastal pattern, is another patch of maximum variability. The configuration of this southernmost patch (centered by 5"S, 18"W) has a striking likeness with the phase pattern associated with the annual signal in this region [Merabet, 19831. The northern maximum near Senegal represents the seasonal upwelling. An annual signal dominates the S3 time series (Figure 6b) , where the range of monthly values is not the same order of the preceding eigenvector. Onset of the strong seasonal upwelling which appears along the Senegal coast is noted as negative peaks occurring each January. The positive peaks (arising principally in June) correspond both to the beginning of the warm season in the Senegal oceanic region and of the cold season along the southern coast of the Gulf of Guinea, and to the end of the warm season in the central basin south of the equator.
Interannual Variability
The SI pattern and time series for SST ( These variations, as depicted by the Fourier wave low-pass filter (>12 months), are less substantial during the first 5 years of the study period than during the following years. (Figures 5a and 6a ) are in phase in the northern and southwestern regions, as are their low-frequency signals (Figures 5b and 6b) . Therefore, for a large part of the basin, these two eigenvectors are associated with the same long-term variability. The unfiltered time coefficients of S2 and S3 are by definition uncorrelated, but they can both describe different aspects of the same physical process, thus enabling their filtered time series coefficients to be correlated. The low-frequency signal of S2 and S3 clearly shows some large-scale anomalous events with periods of 3 to 4 years. For example, the most prominent contributions by S2 and S3 are the warming (= +0.6"C) in 1969 and the cooling (= -0.4"C) during 1976, which covered the areas where the additive spatial patterns (Figures 5a and 6 4 are positive, i.e., off the Senegal coast and, to a lesser extent, the region north of the equator and the eastern equatorial region. A more detailed examination of the results can disclose some interesting features with regard to interannual variabilities. As exemplified, it is interesting to note that during the first half (1972) (1973) of the large warming episode as denoted in S1 in the south and equatorial regions, the S2 summertime negative peak was a month late in both 1971 and 1972 and was absent in 1973. By contrast, it was very prominent in 1976. Furthermore, the oversize maxima arising in January 1965 and in May-June 1973 on the S3 time series are principally related to premature upwelling and premature warming along the Senegal coast. The combination of all three SST EOFs yields the major events during this time period. At the end of 1964 and again in 1967, there was a general cooling over most of the Atlantic, particularly where seasonal upwelling was strong. Likewise, in 1966 there is a lesser warming in these same areas. The early months of 1969 are revealed as being warmer, but in middle to late 1969 and extending into 1970, the combination of SI and S2 dominates and depicts warming in the north and cooling in the south Atlantic. During the years 1972-1976 there was a cooling in the north (--0.90"C) and a warming in the south (+O.Tc) except in 1973, when the warming in the Gulf of Guinea and off the coast of Senegal was unusually strong.
The magnitude of the cpntribution to the seasonal and interannual variability by EOFs higher than S3 are much smaller than those of the previously discussed EOFs and will not be discussed here.
WIND STRESS
Seasonal Cycle
For this study area (with a northern limit at 20"N), the variance accounted for by eigenvector 1 (46.6%) is noticeably larger than in the case where the northern limit is 30"N (36%). This difference is explained by the fact that the W1 pattern collects all the variability in the ITCZ rather than further north (compare Figure 79 with Figure 3b ). Eigenvector 1 is similar to a previous study established by Legler U9831 on the Pacific region, using the same limits (20"N to 20"s). Since the seasonal variability is larger in the tropical Atlantic region than in the corresponding area of the Pacific [Philander, Recall from the discussion of the method that there are two components of the modulating time series, real and imaginary. If either of these components is negligible, then the spatial vectors have little rotational variability in time. For relatively smafl imaginary components, the vectors simply oscillate along the axis of the vector with positive and negative values. For small real component values, the vectors tend to oscillate along a line perpendicular to the vector orientation. For the time series with equal magnitudes of real and imaginary parts, the temporal variability of the spatial vectors is spread over many rotation angles. Predominance of the real component which fluctuates from negative to positive in the W1 time series (Figures 7b and 7c) indicates a 180" rotation of the W1 pattern. For both tropical regions the W1 time series principally represents the annual signal with a greatest magnitude of the trade winds during the winters of their respective hemispheres.
We saw previously (Figure 2b ) that total monthly mean magnitudes for both the Atlantic trade systems are similar. In this EOF analysis, however, the pattern. of W1 is latitudinaly asymmetric in the same fashion as the variance of the wind stress magnitude (Figure 3b The wind stress vector magnitudes of W3 pattern (only 4.9% of the variance) are weaker and more spatially uniform than the first two eigenvectors (Figure 9a) . Relatively larger variabilities are found in the middle of the south tropical Atlantic region and in the western part of the equatorial region. Moreover, the time series of the real and imaginary components (Figures 9b and gc) 
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Interannual Variability
A careful examination of enlargements of the Wl time series (Figures 7 b and 7 e ) discloses that in the beginning of the 1970s the directional stability of the southeasterly trades occurred only in July-October and the wind stress magnitude was weaker. During the same period the northeast trades had a longer duration and were anomalously strong. The deducible positive long-term anomaly (= 3-5 m2 s-~) is obvious in the low-frequency curves of the W1 real and imaginary components (Figures 7 b and 7c) . Another exceptional time period during the 1968 and 1969 years includes three weakenings of the sustained trade wind system (two for northeast trades and one for southeast trades). This 1968 even was discussed previously by some authors as linked to an abnormal southward displacement of the ITCZ [Lamb, 1978; Hisard, 1980; Merle, 1980~1. The variability of the wind stress in the western subtropical regions, as indicated primarily by the real component of W2 (Figure 8b) , is strongly different in the course of the years 1964-1979. A set of negative peaks arises almost regularly in November-December during the 1960s and disappears after 1969. A second set of positive peaks indicating strong northeasterlies in the northwest portion of the tropical Atlantic occur systematically about the month of June during the 1970s, whereas they are generally weak or absent in June during the 197Os'is observed in the low-frequency curve of the W , time series (Figures 8b and 8c) . A similar change between the 1960s and the 1970s has been recognized by Legler E19831 for the tropical Pacific Ocean. In order to investigate these Atlantic features filly, we checked the monthly basic data minus the 16-year long-term average over the total available domain, 20"s to 30"N. In the northwest region, one important cyclonic wind stress perturbation (associated with a decrease of the northeast trades) was present during the winters of the 1960s. This circulation was very weak or absent during this same season of the subsequent 10-year period.
In the southwest region, we noted in the monthly means an important decrease of southeasterlies in Novem- preceding years. This perturbation also occurs in June in the mean seasonal cycle computed from the 1964-1979 data set by Picuuf et al. [1985] . This secondary seasonal event seems valid because a similar one is also depicted by Hastenruth und Lumb [1977] , who used the 60 years of observations before 1971.
The amplitude rotation analysis of W , (not shown) indicates that the mean orientation of the associated pattern (Figure 8 4 is about 130" counterclockwise during the 1960s and about 80" counterclockwise during the 1970s. Thus the northwestern (southwestern) subtropical wind stress circulation turned consequently more southward (westward), corresponding to a net strengthening of the trade system throughout the study time period. This substantial long-term trend amplified by weakened magnitudes in November-December during the 1960s and increased magnitudes in 
SUMMARY AND DISCUSSION
The cumulative percent of variance accounted for by the first three eigenvectors is considerably smaller for wind stress than for SST (62.6 and 89.8, respectively). This reflects the larger variability of the atmospheric circulation compared to that ,of SST. The wind stress cumulative percent is nevertheless greater than that for the Pacific, where Legler E19831 found 47% for the first three eigenvectors. Once more, a prominent seasonal signal in the tropical Atlantic region is the cause of increase of the variance accounted for by the first eigenvectors.
The SST large-scale seasonal cycle of both the thermal hemispheres is well described by SI. However, a combination of the first three EOFs is needed to analyze the regional seasonal events. Such is the case for the seasonal upwelling along the Senegal coast. SI (and to a smaller extent Sz) indicates that this event is strongest in February-March, when the seasonal cooling of the northern hemisphere develops. The beginning of this cooling in January is clearly represented by S3. Most of the duration of the subsequent warm season (in the course of the boreal summer) is well accounted for by SI; its onset in June and its conclusion in November are illustrated by S3 and SZ, respectively. The strong seasonal signal of SST inside the Gulf of Guinea appears clearly in each of the three first eigenvectors. In June, S3 depicts the beginning of the cold season along the southern coast of the Gulf of Guinea. The onset in July of the equatorial and northcoastal upwellings (from Ivory Coast to Nigeria) are well described by Sz. For this month and the two subsequent months, SI depicts a more large scale cooling in the southern portion of the Gulf of Guinea. In the equatorial and southern domains of this gulf, the subsequent warming period is mainly denoted by SI during the austral summer. For the equatorial region the highest temperatures of this warm season (in April) are further related by Sz. In direct contrast to the 1968 event, the seasonal equatorial upwelling was stronger than usual during the summer of 1976. An exceptional cold departure of SST from the longterm average (more than 5°C in August) and its location further east than the inverse case of 1968 are undoubtedly responsible for the greater depiction of this event by the EOF analysis presented here (see Figure 5b) . During the preceding months there was a simultaneous intensification of the northeast and southeast trades [Picaut et al., 19851 . An anomalous increase of the western equatorial easterlies in June 1976 (more than 30 m2 sF2 for the monthly anomaly) resulted from this strengthened convergence. For the mean June the wind stress is this region is weaker than the long term average. Consequently, for the wind stress the 1976 equatorial event appears more prominent in our EOF analysis of the monthly anomalies.
Another large-scale episode, mainly represented by the first eigenvector of each parameter, occurred in the tropical Atlantic region during the beginning of the 1970s. A correlation analysis was performed between the monthly anomalies time series components of SST and wind stress (amplitude in the case of the wind stress). Despite the difference of variances accounted for by eigenvector 1 of the wind stress (46.6%) and SST (79.8%), wind stress leads SST by 1 month with a correlation coefficient of 0.45 (0.83 for the low-frequency signal). In conclusion, this relation corroborates that some of the interannual variability of the SST annual signal in the eastem tropical Atlantic Ocean is directly connected to a large amount of interannual variability of the annual signal of the wind, stress in the western region at similar time scales. For SST, the second and third eigenvectors are associated with coastal and equatorial seasonal upwellings. These eigenvectors unite to explain semiannual and other perturbations to the annual signals. W2 of the wind stress illustrates the main variability in the western subtropical regions, and W, represents the easterlies fluctuations in the western equatorial region. However, outside the equatorial strip where the equatorial trapped events are correctly depicted by eigenvectors of superior rank, the accuracy of our analyses is limited to a study of a global response between wind stress and SST. Further investigations, as for example the use of the curl of the wind stress and EOFs in the frequency domain, would be able to contribute to a finer description of the response.
